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Abstract 



PROBLEM TO BE SOLVED: To obtain a copper-carbon fiber composite having a low coefft. of 
expansion and high heat conductivity by incorporating a specified metallic element into the interfaces 
between a copper matrix and carbon fibers and allowing specified interfacial layers to exist. 
SOLUTION: The copper-carbon fiber composite contains a metallic element having a higher m.p. than 
copper and forming a compd. with carbon in the interfaces between the copper matrix made 
substantially of only copper and carbon fibers and has interfacial layers formed by allowing the metallic 
element to react with Cu and/or C or to enter into solid soln. in Cu and/or C. The metallic element is 
preferably Si t Ti, V, Cr, Zr, Nb, Mo, Hf, Ta or W. The carbon fiber content of the composite is preferably 
20-70 vol.%. In the case of <20 vol.%, thermal expansion suppressing effect is low. In the case of >70 
vol.%, heat conductivity is reduced. The average thickness of the interfacial layers is preferably <=2 
&mu m. In the case of >2 &mu m, heat conductivity is reduced. The composite is produced by mixing 
Cu powder with carbon fibers and powder of the metallic element and press-compacting the mixture 
under heating in a short time. 
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(54) COPPER-CARBON FIBER COMPOSITE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a copper-carbon fiber composite having a low coefft. 
of expansion and high heat conductivity by incorporating a specified metallic element into the 
interfaces between a copper matrix and carbon fibers and allowing specified interfacial layers 
to exist. 

SOLUTION: The copper-carbon fiber composite contains a metallic element having a higher 
m.p. than copper and forming a compd. with carbon in the interfaces between the copper 
matrix made substantially of only copper and carbon fibers and has interfacial layers formed 
by allowing the metallic element to react with Cu and/or C or to enter into solid soln. in Cu 
and/or C. The metallic element is preferably Si, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta or W. The carbon 
fiber content of the composite is preferably 20-70 vol.%. In the case of <20 vol.%, thermal 
expansion suppressing effect is low. In the case of >70 vol.%, heat conductivity is reduced. 
The average thickness of the interfacial layers is preferably <2 jam. In the case of >2 ^m, heat 
conductivity is reduced. The composite is produced by mixing Cu powder with carbon fibers 
and powder of the metallic element and press-compacting the mixture under heating in a 
short time. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] With respect to a new copper-carbon fiber composite, 
this invention is the low-fever expansion especially used as a thermolysis substrate for semiconductor 
devices etc., and relates to the copper-carbon fiber composite material and its manufacture method of 
high temperature conductivity. 
[0002] 

[Description of the Prior Art] Thermal conductivity of copper is large and it is used as a large material 
for thermolysis. However, since coefficient of thermal expansion is as large as 17xl0-6/degree K, it 
cannot use for the member as which low-fever expansibility, such as a thermolysis substrate for 
semiconductor devices, is required. Although molybdenum is used for the thermolysis substrate for 
high-density semiconductor devices now, thermal conductivity is more high and material of a low cost is 
desired. So far, it is low-fever expansion by composite-izing of the carbon fiber of a low-fever 
expansion coefficient, and the copper of high temperature conductivity, and development of the 
composite of high temperature conduction has been made. There are the method of carrying out the 
laminating of the copper and the carbon fiber of the shape of the method of making (1) copper into a 
molten metal and infiltrating a carbon fiber, (2) boards, or a foil, by turns, and carrying out a hotpress, 
and the method of carrying out a back hotpress of having made copper adhering to (3) carbon fibers by 
vacuum evaporationo or plating as the manufacture method. Since the method of (1) has the bad 
wettability of copper and a carbon fiber, when it is going to obtain complex with the narrow interval of a 
carbon fiber, copper cannot be sunk in between carbon fibers but a cavity is formed. In the method of 
(2), it is thought that the same phenomenon as (1) arises, and it is not desirable on material strength. By 
the method of (3), the trouble that advanced vacuum evaporationo or plating technology is required is 
mentioned. 

[0003] In order to solve such a problem, the manufacture method of copper-carbon fiber complex is 
developed by various methods. After JP,51-5213,A mixes copper or the powder of a copper alloy with a 
binder, considers as a slurry and infiltrates a carbon fiber bunch, it is the method of solidifying in a 
predetermined configuration by the press or sintering. JP,52-89505,A and JP,52-53720,A are the 
methods of infiltrating a carbon fiber and forming complex, when copper or carbon, and the element that 
reacts pressurize the copper alloy added more than ****** at the temperature more than softening 
temperature. Moreover, after JP,53 -104508, A mixes a powdered high conductivity metal, a carbon 
powder, carbon and the element powder which reacts, and a binder, considers as a slurry and infiltrates 
this into a high conductivity metallic-coating carbon fiber, it is the method of performing pressing 
between heat, or dissolution cooling fabrication, and manufacturing complex. 
[0004] 

[Problem(s) to be Solved by the Invention] On a par [ coefficient of thermal expansion ] with 
molybdenum, its thermal conductivity is low and the copper-carbon fiber complex obtained by these 
manufacture methods has come to substitute molybdenum for it, although the small thing is obtained. 
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This cause is in addition of an increase and carbon of carbon fiber density, and the element which reacts. 
Originally, copper and carbon do not dissolve mutually, and wettability is bad and they are complex and 
the material which cannot change easily. The copper-carbon fiber complex of high temperature 
conductivity, a low-fever expansion coefficient, and high intensity needs for a carbon fiber to suppress 
the thermal expansion of a copper matrix by combination between a copper matrix and a carbon fiber, 
and to maintain high thermal conductivity by heat conduction in a copper matrix. Moreover, it is also 
required for the interior of complex for there to be no factor which is not desirable on material strength, 
such as a cavity and a crack. However, generally, since the bonding strength of the interface of copper 
and a carbon fiber is weak, a carbon fiber cannot suppress a copper thermal expansion, and since 
wettability is bad, it becomes inadequate copper sinking in, and a cavity is easy to be formed. In order to 
solve this problem, the complex which has improved the wettability of copper and a carbon fiber and 
raised bonding strength is produced by adding carbon and the element which reacts. However, although 
coefficient of thermal expansion becomes small, since an alloying element dissolves in the copper 
matrix which bears heat conduction, sufficient thermal conductivity cannot be obtained. Moreover, 
although it falls as the carbon fiber number of coefficient of thermal expansion per unit volume 
increases, in order that the rate of volume of the copper which bears heat conduction also by this may 
decrease, thermal conductivity falls. Therefore, in copper-carbon fiber complex, it was difficult to attain 
simultaneously suppression of coefficient of thermal expansion, and improvement in thermal 
conductivity. 

[0005] this invention aims at offering the copper-carbon fiber complex which fills simultaneously a low- 
fever expansion coefficient and high temperature conductivity, and its manufacture method. 
[0006] 

[Means for Solving the Problem] A copper matrix consists only of copper substantially except for an 
unescapable impurity element, and this invention is in copper, the copper which has the organization 
where the volume phase which reacted or dissolved to copper, carbon, or its both to the interface of a 
carbon fiber exists, and carbon fiber complex. That is, it found out that the copper-carbon fiber complex 
which raised the bonding strength of copper and a carbon fiber was effective. The aforementioned 
volume phase must contain the metallic element in which the melting point forms carbon and a 
compound highly from copper. As such a carbon compound formation metallic element, Si, Ti, V, Cr, 
Zr, Nb, Mo, Hf, Ta, and W are desirable, and at least one of elements of these needs to form the volume 
phase in the interface of a carbon fiber and a copper matrix. Moreover, it is more desirable that the 
volume phase which contains at least one element in Si, Ti, Zr, and Hf in the interface of copper and a 
carbon fiber exists. If the above-mentioned metallic element dissolves in a copper matrix by it even if 
the integrated state between a carbon fiber and a copper matrix is improved by the above-mentioned 
metallic element addition, the thermal conductivity of complex will be reduced. Then, you have to 
manufacture a copper matrix so that it may consist only of copper substantially except for an 
unescapable impurity element. 

[0007] In the above-mentioned copper-carbon fiber complex, if the depressor effect of thermal 
expansion is small when a carbon fiber volume fraction is small, and a carbon fiber volume fraction is 
large, thermal conductivity will become small. For this reason, as for a carbon fiber volume fraction, it is 
desirable that it is [ 20% or more ] 70% or less. Moreover, since only a volume phase exists and copper 
does not sink in between the adjoining carbon fibers when the thickness of a volume phase is thick, 
thermal conductivity falls. For this reason, the average thickness of a volume phase has desirable 2 
micrometers or less. In order to stop the addition metallic element concentration which adjusts the 
thickness of a volume phase and dissolves in a copper matrix, when the specific gravity of the metallic 
element which forms Mm, carbon, and a compound for the weight of the metallic element which forms 
Mcf, carbon, and a compound for a carbon fiber weight is set to rho, it is required for the sum of the 
value of Mm/(Mcfxrho) about each carbon and metallic element which forms a compound contained in 
copper-carbon fiber complex to be 0.1 or less. The copper-carbon fiber complex which has such a 
material organization can attain less than [ coefficient-of-thermal-expansion 12xl0-6/degree K ] and 
more than thermal conductivity 120 W/m degree K. 
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[0008] The metallic element powder which can form a copper powder, a carbon fiber and carbon, and a 
compound is mixed, heating pressing is carried out for a short time, a copper matrix consists of copper 
substantially, and the above-mentioned copper-carbon fiber complex can be manufactured by the 
manufacture method of the copper-carbon fiber complex characterized by making the above-mentioned 
volume phase form. 

[0009] By using the above-mentioned copper-carbon fiber complex as a thermally conductive substrate 
of a semiconductor device in which the semiconductor device was carried, in the quality of a 
semiconductor device, it is reliable, and the semiconductor device excellent in thermolysis nature can be 
offered. 

[0010] this invention is low-fever expansion, and offers the copper-carbon fiber complex of high 
temperature conductivity. It does not dissolve mutually, and wettability is bad and, as for copper and a 
carbon fiber, cannot produce complex easily. Moreover, even if it produces complex, thermal expansion 
cannot fully be suppressed, and thermal conductivity is reduced. Then, by forming the volume phase 
containing carbon and the metallic element which can form a compound between a copper matrix and a 
carbon fiber, the bonding strength of a copper matrix and a carbon fiber was able to be raised, and a 
predetermined coefficient of thermal expansion and predetermined thermal conductivity were able to be 
attained. Here, as carbon and a metallic element which can form a compound, the element of 4 A, 5 A, 
and 6A group and Si, i.e., Si, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W, are desirable at a periodic table. 
Especially, Si, Ti, Zr, and Hf are desirable in respect of a reaction with volume phase formation and a 
copper matrix. Moreover, when maintaining the outstanding thermal conductivity, the copper matrix 
must consist only of copper substantially except for the unescapable impurity element, the quantitative 
analysis of the above-mentioned alloying element contained in a copper matrix although not being 
contained in a copper matrix is desirable as for especially the carbon and the metallic element which can 
form a compound added by copper-carbon fiber complex — since a limitation is in resolution, the above- 
mentioned alloying-element concentration detected by analysis is made below into 0.5wt(s).% 
[001 1] The coefficient of thermal expansion of the copper-carbon fiber complex of this invention mainly 
depends for thermal conductivity on the amount of dissolution of the alloying element to a carbon fiber 
volume fraction and a copper matrix depending on the volume fraction of a carbon fiber. In order to use 
for the substrate for thermolysis, less than [ coefficient-of-thermal-expansion 12xl0-6/degree K ] and 
more than thermal conductivity 120 W/m degree K are required. 

[0012] As for a carbon fiber volume fraction, the coefficient of thermal expansion of copper-carbon 
fiber complex and thermal conductivity do influence. From the relation between a carbon fiber volume 
fraction, coefficient of thermal expansion, and thermal conductivity, the time of a carbon fiber volume 
fraction being 20 - 70% attained the above-mentioned property. However, when the kind of carbon fiber, 
dispersion of the conditions at the time of copper-carbon fiber complex manufacture, etc. are taken into 
consideration, 30 - 60% has a desirable carbon fiber volume fraction. 

[0013] It may become impossible for the amount of the copper which it sinks in between the carbon 
fibers which adjoin if the thickness increases, and should bear heat conduction to decrease, and for the 
volume phase currently formed in the copper matrix and the carbon fiber interface to obtain 
predetermined thermal conductivity. Then, the carbon fiber volume fraction was fixed to about 50%, the 
amount of addition metallic elements for forming a carbon compound was changed, the copper-carbon 
fiber complex with which volume phase thickness differs was produced, and the heat-conduction 
property was evaluated. Consequently, when volume phase thickness was an average of 2 micrometers 
or less, it was checked that target thermal conductivity can be held. Although formation of the carbon 
compound in atomic-layer level is ideal since higher thermal conductivity can be attained if it becomes a 
thinner volume phase, it is 0.05 micrometers at the point of copper-carbon fiber complex manufacture. 
An average of 0.05-1 micrometer since it is thought that a grade is a limitation Volume phase thickness 
is desirable. 

[0014] The amount of addition metallic elements for carbon compound formation dissolves in a copper 
matrix, and it not only affects volume phase thickness as mentioned above, but it reduces the thermal 
conductivity of a copper matrix. Then, the relation between the amount of addition metallic elements 
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and thermal conductivity was investigated. Consequently, in order to attain target thermal conductivity, 
when the specific gravity of Mcf and an addition metallic element is set [ the addition metallic element 
weight ratio in copper-carbon fiber complex ] to rho for Mm and a carbon fiber weight ratio, the value of 
Mm/(Mcfxrho) is 0. 1. It is required to be the following. In order to reduce the amount of dissolution to 
the inside of a copper matrix especially, and in order to obtain a uniform volume phase substantially, as 
for the value of Mm/(Mcfxrho), 0.08 or less are desirable at 0.005 or more. 

[0015] a metallic element particle with possible the copper-carbon fiber complex which has the above 
material organizations and properties forming a copper particle, a carbon fiber and carbon, and a 
compound - mixing - heating - pressing was carried out and it produced The metallic elements which 
can form above-mentioned carbon and an above-mentioned compound are specifically Si, Ti, V, Cr, Zr, 
Nb, Mo, Hf, Ta, and W. Si, Ti, Zr, and Hf are [ among these ] especially desirable. These metallic 
elements are 0.2-5. Weight % and twists 0.5-3 Weight % is desirable. Moreover, although the above- 
mentioned heating and pressing have the desirable inside of a vacuum, the reduced pressure or inert gas 
atmosphere which can suppress dissolution of the oxygen to the inside of a copper matrix is sufficient as 
them. Although it is desirable that it is beyond the copper melting point as for heating temperature, it 
should just be 800 degrees C or more. Since it depends for welding pressure on heating temperature, it is 
necessary to apply the welding pressure according to heating temperature. According to this method, 
dissolution into the copper of the above-mentioned metallic element can be suppressed, and a good 
volume phase can be formed in copper and a carbon fiber interface. 

[0016] The copper-carbon fiber complex with the predetermined organization and predetermined 
property which were produced by such manufacture method is applicable to the part for which low-fever 
expansion and high temperature conduction are needed. Especially, since junction by silver solder with 
the board of copper-carbon fiber complex, nitriding aluminum, and an alumina is possible, it is 
applicable to the thermally conductive substrate of a semiconductor device. 
[0017] 

[Embodiments of the Invention] 

(Example 1) The manufacture method of copper-carbon fiber complex is shown. 
[0018] The pitch based carbon fiber was cut in length of 2-6mm, and Ti particle with a diameter of 10 
micrometers or less was mixed to this. Furthermore, Cu particle of 100 or less meshes was mixed into 
the carbon fiber and Ti particle mixture, a mixed weight ratio -- a carbon fiber -- :Cu particle.Ti particle 
=9.54(g):36.4(g): -- it was 2.05 (g) Moreover, some were ground from the state [ that a carbon fiber is 
cut by a series of mixtures ]. They are O.lmmt(s) about the mixture 1 of a carbon fiber, Cu particle, and 
Ti particle. It put in into the box (Cu container) 2 made with Cu board, and put into the heating pressing 
equipment shown in drawing 1 . However, drawing 1 shows the cross section of heating pressing 
equipment. The chamber 3 is formed in heating pressing equipment for atmosphere control, and the 
heating furnace 4 is installed in it. After surrounding mixture 1 with the side graphite jig 5, the up 
graphite board 6, the graphite board 7 with an up reservoir, the lower graphite board 8, and the graphite 
board 9 with a lower reservoir, it was put on the fluidity prevention pan 10, and was installed in the 
heating furnace 4. At this time, the lower pressurization fixture 1 1 for pressurization and the up 
pressurization fixture 12 were adjusted so that mixture 1 might be located in the center of a heating 
furnace 4. After installing and adjusting in the above-mentioned state, the inside of a chamber 3 was 
made into the degree of vacuum of 1x10 to 5 or more Torrs. In addition, the crevice between the Cu 
container 2 and the fixture made from a graphite was filled up with Cu grain. 

[0019] Then, they are 20 kg/cm2 with a pressurization fixture to mixture 1 . Where a pressure is put, they 
are 1 100 degrees C and lOmin. Heating pressing was carried out. This produced the copper-carbon fiber 
complex on a disk with a diameter [ of 65mm ], and a thickness of 4mm. 

[0020] Thus, as a result of observing with the scanning electron microscope (SEM) of the produced 
copper-carbon fiber complex, the volume phase of the gray to which the portions of a carbon fiber and 
white contrast exist [ the portion of black contrast ] in the interface of a copper matrix, and a carbon 
fiber and a copper matrix was observed. The elemental -analysis equipment (EDX) with which SEM is 
equipped analyzed each portion of a carbon fiber, a volume phase, and a copper matrix, and the result 
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shown in drawing 2 , drawing 3 , and drawing 4 was obtained. This shows that the volume phase which 
contains Ti, Cu, and carbon in the interface of a carbon fiber and a copper matrix is formed. Moreover, 
in the copper matrix, only the X-ray peak from copper is observed substantially, each element weight 
ratio of the produced copper-carbon fiber complex Cu:Ti:C=87.2:2.6:10.2 it was . 
[0021] (Example 2) By the same manufacture method as the copper-carbon fiber complex shown in an 
example 1, copper-carbon fiber complex was produced so that it might become about 30 and 50 or 70% 
of carbon fiber volume fraction. It was made for the weight ratio of a carbon fiber and Ti particle to be 
set to about 4: 1 at this time. Coefficient of thermal expansion was measured for the produced disc-like 
copper-carbon fiber complex between room temperature -300 degrees C. Moreover, thermal 
conductivity was measured with the laser flash method. The relation between coefficient of thermal 
expansion, and the thermal conductivity and carbon fiber volume fraction which were obtained is shown 
in drawing 5 and drawing 6 , respectively. In order to attain both the coefficient of thermal expansion 
not more than 12xl0-6/degree K, and the thermal conductivity beyond 120 W/m degree K, 20 - 70% of 
a carbon fiber volume fraction is more suitable than these. 

[0022] (Example 3) a carbon fiber volume fraction -- about 50% - fixing -- the weight ratio of a carbon 
fiber and Ti particle - about 4:1 and 2: -- it blended so that it might be set to 1 and 1:1, and copper- 
carbon fiber complex was produced using the same manufacture method as an example 1 The thermal 
conductivity of the produced copper-carbon fiber complex was measured with the laser flash method. 
Moreover, the average thickness of the volume phase containing Ti was measured from the SEM 
photograph. Then, the relation of the volume phase thickness and the thermal conductivity which are 
shown in drawing 7 was obtained. In order to obtain the thermal conductivity beyond 120 W/m degree 
K, the volume phase thickness of 2 micrometers or less is more suitable than this. 
[0023] Moreover, when Ti and the weight ratio of a carbon fiber which were mixed to copper-carbon 
fiber complex, and the relation of thermal conductivity were arranged, Ti weight was set to Mm and the 
specific gravity of Mcf and Metal Ti was set to rho for a carbon fiber weight, the relation of drawing 8 
was obtained. In order to obtain the thermal conductivity beyond 120 W/m degree K from this, the value 
of Mm/(Mcfxrho) is 0.1. The following is suitable. 

[0024] (Example 4) The value of about 50% and Mm/(Mcfxrho) is a carbon fiber volume fraction About 
0.05 Si, Zr, and Hf were blended, respectively so that it might change, and copper-carbon fiber complex 
was produced by the same method as an example 1. Such coefficient of thermal expansion and thermal 
conductivity became the value shown in Table 1. Si, Zr, and Hf can expect from this the effect which 
forms a volume phase in the interface of a carbon fiber and a copper matrix like Ti. 
[0025] 
[Table 1] 

a 1 









(X 1 0 "V K) 


(W/m* K) 


S i 


7.2 


17 5 


2 r 


8.4 


2 12 


H f 


8. 7 


2 14 



[0026] (Example 5) Silver solder was used on copper-carbon fiber complex with a diameter [ of 65mm ] 
produced in the example 1, and a thickness of 4mm, and the nitriding aluminum board of an one-side 
square (40mm and thickness 1mm) was joined. Junction is 3min(s) at 800 degrees C. It holds and is 3 
degrees C/min. It cooled with the cooling rate. The crack was not observed by copper-carbon fiber 
complex and the zygote of nitriding aluminum by this junction method. Moreover, it can be said from 
there having been no curvature that it is in a good junction state. The -50-125-degree C thermal cycling 
test was carried out for the above-mentioned copper-carbon fiber complex and the carbonization 
aluminum zygote. Consequently, degradation of a zygote was not observed to 300 cycle. 
[0027] 
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[Effect of the Invention] According to this invention, the copper-carbon fiber complex of low-fever 
expansion and high temperature conduction is obtained by the low cost. Moreover, by using the copper- 
carbon fiber complex of this invention as a thermally conductive substrate of a semiconductor device, in 
the quality of a semiconductor device, it is reliable, and the semiconductor device excellent in 
thermolysis nature is obtained. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Copper-carbon fiber complex characterized by the volume phase to which a copper matrix 
consists of copper substantially except for an unescapable impurity element, it has a metallic element in 
the interface of copper and a carbon fiber in the copper-carbon fiber complex which contains a carbon 
fiber in a copper matrix, and this metallic element reacted or dissolved to carbon, copper, or its both 
existing. 

[Claim 2] Copper-carbon fiber complex characterized by for a copper matrix consisting of copper 
substantially except for an unescapable impurity element, having the metallic element which the melting 
point is higher than copper to the interface of copper and a carbon fiber, and forms carbon and a 
compound in it in the copper-carbon fiber complex which contains a carbon fiber in a copper matrix, and 
having the volume phase to which this metallic element reacted or dissolved to the aforementioned 
carbon, copper, or its both. 

[Claim 3] In the copper-carbon fiber complex which contains a carbon fiber in a copper matrix A copper 
matrix consists of copper substantially except for an unescapable impurity element, and contains at least 
one metallic element in Si, Ti, V, Cr, Zr, Nb, Mo, Hf, Ta, and W in the interface of copper and a carbon 
fiber. Copper-carbon fiber complex characterized by having the volume phase to which this metallic 
element reacted or dissolved to the aforementioned carbon, copper, or its both. 

[Claim 4] When the aforementioned metallic element sets the content of rho and carbon to Mcf for Mm 
and its specific gravity by the weight ratio by the weight ratio in either of the claims 1-3, the value of 
Mm/(Mcfxrho) is 0.1. Copper-carbon fiber complex characterized by being the following. 
[Claim 5] It is the copper-carbon fiber complex characterized by the aforementioned carbon fiber being 
20 - 70% at the rate of volume in either of the claims 1-4. 

[Claim 6] It sets to either of the claims 1-4, and the thickness of the aforementioned volume phase is 2.0 
micrometers. Copper-carbon fiber complex characterized by being the following. 
[Claim 7] Copper-carbon fiber complex with which coefficient of thermal expansion is characterized by 
less than [ 12xl0-6/degree K ] and thermal conductivity being more than 120 W/m degrees K in either 
of the claims 1-6. 

[Claim 8] In the manufacture method of the copper-carbon fiber complex which contains a carbon fiber 
in a copper matrix After mixing with a copper powder, a carbon fiber, and this carbon fiber the metallic 
element powder which forms a compound, The manufacture method of the copper-carbon fiber complex 
which carries out heating pressing and is characterized by making the volume phase to which the 
aforementioned copper matrix consisted of copper substantially except for the unescapable impurity 
element, and reacted or dissolved to carbon, copper, or its both to the interface of copper and a carbon 
fiber form. 

[Claim 9] In the manufacture method of the copper-carbon fiber complex which contains a carbon fiber 
in a copper matrix After mixing the metallic element powder which the melting point is higher than a 
copper powder, a carbon fiber, and copper, and forms carbon and a compound, Carry out heating 
pressing and the aforementioned copper matrix consists of copper substantially except for an 
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unescapable impurity element. The manufacture method of the copper-carbon fiber complex 
characterized by making the volume phase to which the aforementioned metallic element powder with 
which the melting point is high with the powder and forms carbon and a compound from copper reacted 
or dissolved to the aforementioned carbon, copper, or its both form. 

[Claim 10] In the manufacture method of the copper-carbon fiber complex which contains a carbon fiber 
in a copper matrix After mixing at least one metallic element powder in a copper powder, a carbon fiber 
and Si, Ti, V, Cr, Zr, Nb, Mo, Hf and Ta, and W powder, The manufacture method of the copper-carbon 
fiber complex which carries out heating pressing and is characterized by making the volume phase to 
which the aforementioned copper matrix changed from copper substantially except for the unescapable 
impurity element, and the aforementioned metallic element powder reacted or dissolved to the 
aforementioned carbon, copper, or its both form. 

[Claim 11] Copper-carbon fiber complex with which coefficient of thermal expansion of this complex is 
characterized by less than [ 12xl0-6/degree K ] and thermal conductivity being more than 120 W/m 
degrees K in the copper-carbon fiber complex which contains a carbon fiber in a copper matrix. 
[Claim 12] Setting to the semiconductor device which carried the semiconductor device in the thermally 
conductive substrate, the aforementioned substrate is a semiconductor device which reaches and is 
characterized by the bird clapper from the copper-carbon fiber complex of a publication at either of 1 1 
claim 1-7. 



[Translation done.] 
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